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Cancer of the colon and rectum is the second leading cause of cancer deaths among men and women in the United States. I Diet is thought to be a major etiologic factor for colorectal cancer. 2 ,3 High intake of dietary fiber appears to reduce risk, whereas high intake of animal fat appears to increase risk. 3 . 4 Epidemiologic stud ies that have addressed calcium intake in relation to colorectal cancer have yielded inconsistent results. 4 In tervention studies of calcium in which markers of cell proliferation are the endpoints are inconclusive. s , 6 Colo rectal carcinomas appear to develop within preexisting adenomas, 7 but there is little knowledge about the epi demiology of these precursor lesions. The published studies are inconclusive regarding the association of di etary fiber, calcium, and total fat with the development of colorectal adenomatous polyps. 8-ls The purpose of this case-control study was to evaluate the relation between dietary intake of fiber, calcium, and total fat and the presence of colorectal adenomatous polyps.
The study population comprised individuals 35-79 years of age who underwent a sigmoidoscopy or colonoscopy at one of five gastroenterology practice sites in Houston, TX, between September 1991 and June 1993. The study population included white, black, and Hispanic individ uals living within a 30-mile radius of the Texas Medical Center and without a history of colorectal polyps, famil ial polyposis, cancer except for non-melanoma skin can cer, inflammatory bowel disease, human immunodefi ciency virus infection, or chronic renal failure. Cases with a first-time histologic diagnosis of adenomatous polyps and controls negative for any type of polyps were eligible for participation.
We identified 200 eligible cases and 719 eligible con trols (Figure 1 ). Among the cases contacted, 87.7% (157/179) participated in the study; among controls, 83.6% (532/636) participated. We excluded from subse quent analyses five controls who consumed more than 5,500 kilocalories daily and one control whose interview was unsatisfactory. In addition, as the youngest case was 35 years old, we excluded 46 controls less than 35 years of age.
QUESTIONNAIRE INFORMATION
Face-to-face interviews were conducted within 1 month after endoscopy. We assessed dietary intake from a 138 item quantified food frequency questionnaire (FFQ) that inquired about diet during the month before the inter view. We used common household measures and two and three-dimensional food models to obtain serving sizes. The FFQ developed by the investigators contained the important food sources of the nutrients of interest identified from food records collected from residents of the Houston area. We used standard protocols for de velopment of this instrument. 16 ,17 The FFQ specifically assessed mean daily intake of total calories, calcium, total fat, and total dietary fiber. We computed nutrient intake by using the Food Frequency Data Entry and Analysis Program and nutrient and gram weight data from the USDA Survey Nutrient Database. 'B , '9 Participants provided information regarding sociode mographic characteristics, height and current weight, family history of colorectal cancer, cigarette smoking, use of aspirin and other nonsteroidal antiinflammatory drugs (NSAIDs), and vitamin and mineral supplements. We assessed physical activity by asking about time spent per week in 14 leisure-time activities, housework, and yard work.
2o , 21 Participants provided information regard ing gastrointestinal symptoms before endoscopy that re sulted in changes in their dietary intake. An interviewer unaware of the case status of the participants conducted 90% of the interviews. Two additional trained inter viewers conducted the remaining 10%.
DATA ANALYSIS
Except for age and use of aspirin and other NSAIDs, we converted continuous scaled variables to categorical variables based on the quartile distribution among the control group. We treated age as a continuous variable, and we categorized the intake of NSAIDs and aspirin as none, less than daily, and at least daily use. We classified individuals as users of calcium supplements when they took 500 mg or more of calcium per day in supplemental form, We used logistic regression analysis 22 to control for potential risk factors for colorectal cancer and adeno ma. DIET AND ADENOMATOUS POLYPS 265 t Use of aspirin and other nonsteroidal antiinflammatory drugs. models because it was not an important confounder, We included total kilocalories per day in the logistic regres sion models to adjust for energy intake. We investigated the joint association of calcium and total fat and adenomatous polyps by categorizing partic ipants according to intake of total fat and calcium. We used as cutpoints tertiles among the control group, and we used the highest calcium, lowest fat category as the referent group.
Results
The mean age of cases was 57.7 years, and that of the controls was 54.7 years, Twenty-two per cent of the adenomas measured > 1 em, and 25% were of villous histology. Seventy-eight per cent of the controls had a sigmoidoscopy, and 22% had a total colonoscopy. The case and control groups were similar with regard to education and income. 
CALCIUM AND TOTAL FAT
The joint association of total fat and calcium (Table 3) indicates that a lower intake of calcium was associated with a higher odds ratio in each stratum of total fat intake, except in the lowest fat group. The highest odds ratio was in the highest fat stratum and the lowest calcium stratum (OR = 2.5). A high fat intake was associated with an elevated odds ratio in all strata of calcium intake, and we saw a trend with increased fat intake.
Discussion
This study supports the hypothesis that intake of total dietary fiber reduces the risk of adenomatous polyps. Intake of dietary calcium was inversely associated with The inverse association between fiber and risk of adenomatous polyps is consistent with findings of other studies of diet and adenomatous pOlyps.9,1O,12-14 In these studies, the relative risk for the highest vs the lowest categories of fiber intake ranged from 0.29 to 0.36. As seen in other studies,12,13 an inverse association between fiber and adenomatous polyps was observed at high lev els of fiber intake.
Three case-control studies reported inverse associa tions between calcium and adenomas,9,12,14 although only two provided a measure of association. 9 ,14 A pro spective study of two large u.s. cohorts did not support the inverse association between calcium intake and the occurrence of adenomas. s In the present study, a protec tive effect for calcium intake was suggestive of a thresh old effect for the upper quartile corresponding to a median intake of 1,386 mg per day. In previous studies of colorectal cancer,30-33 a protective effect of calcium oc curred at levels of intake at or above 1,200 -1 ,500 mg per day. We were unable to assess the impact of calcium supplements owing to the low prevalence of calcium supplementation in our study population [7. 6% (12/157) for the cases and 10% (48/480) for the controls]. When we assessed total calcium intake (dietary and supplemen tal calcium) in the multivariate analysis, the results were unchanged. Thus, a higher range of calcium intake than was observed in our study may be required to detect a protective effect of this nutrient.
Some investigators have reported positive associations for adenomatous polyps and total fat as well as saturated fat,IO,12-13 whereas others have not. 9 The results of our study are suggestive of a positive association between total fat and adenomatous polyps but are also consistent with no association. It is possible that more individuals with low as well as high intakes of total fat are necessary to adequately explore the shape of this association.
Dietary fat can function as a source of free fatty acids and bile acids in the feces inducing colonic cell prolif eration. 34 Calcium can modify this carcinogenic effect by binding to bile acids and fatty acids in the colon to form insoluble complexes. 30 ,34,35 Newmark and co-workers 30 ,36 hypothesized that Western diets are low in calcium relative to the high intake of fat. Kampman et als sug gested that the failure to demonstrate an association between the incidence of colorectal adenomas and cal cium intake may be due to the relatively low intake of saturated fat in their study population. Effect modifica tion of calcium and fat was not seen in their study,S nor was it seen in two other studies of colon cancer. 37 ,3S Results of the present study suggest that, in our popula tion, there is an increase in risk associated with increas ing intake of total fat, and a decrease in calcium further enhances this risk.
The inverse association between intake of fiber and of calcium could occur if gastrointestinal symptoms due to DIET AND ADENOMATOUS POLYPS 267 polyps had prompted cases to reduce intake of high-fiber and high-calcium foods. Nevertheless, only 5% of the cases (8/157) and 7% (34/480) of the controls reported dietary alterations resulting from such symptomatology. Analyses excluding these individuals did not change the results.
